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üFundamental SAM functions: self-maintenanceand 
primordium initiation

üFrom axi-symmetric to a-symmetricapicaldomes

üSAM/primordium boundaries: partitioningof SAM 
surface

üRelativeprimordiumsize: the problem of primordia
packing

üPhyllotaxyat variousscales: from apexto elongated
stem



Fundamental SAM functions: 

generalSAM shapeand sizearemaintaineddespitecontinuous
primordia initiation at the periphery

+48 h
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Fromaxi-symmetricto a-symmetricapical
domes:

Å relatively smallSAMs

Å fewer symmetryplanes

ÅSAMshaperelated to phyllotaxis

(almost) axi-symmetric
barley(Hordeum)

Babb& Muehlbauer2003

Anagalliswith two
symmetryplanesand 
decussatephyllotaxis

a-symmetricArabidopsis
with spiralphyllotaxis

(almost) axi-symmetric
spruce(Picea)

R.Rutishauser



Fromaxi-symmetricto a-symmetricapicaldomes:

Å relatively small SAMsexhibit spatiotemporal geometry
changes

Kwiatkowska & 
Routier-Kierzkowska 2009

profilesof Anagallis
shootapexin:
vegetative
&
reproductive
developmentalphase
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Formationof SAM/primordium boundaries
leadsto partitioningof the SAM surface

uniqueGaussiancurvatureand curvature
directionsat boundariesmark:

single boundaryat vegetativeAnagallisSAM

vs.

doubleboundaryat ArabidopsisSAM in 
reproductivephase



AnagallisSAM in vegetativephase: increasedGaussian
curvatureat the siteof leafprimordiuminitiation

+24 h



AnagallisSAM in vegetativephase: final surfacepartitioning
markedby creaseformation (negativeGaussiancurvature)

+24 h

+24 h

Kwiatkowska & Dumais2003



Kwiatkowska 2006

Arabidopsis SAM in reproductivephase: more than one 
boundary is formed



Col-0 puchi

1st creaseat
SAM/bract boundary

disappears in Col-0 but 
not in bract suppression 

mutant

2nd creaseat SAM/FM
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Different relativeprimordiumsizesand different primordia packing

in A. thalianainflorescenceSAM



means+/- SE



means+/- SE



cuc2 cuc3vs. Col-0:
ÅabsoluteSAM sizeincreased, but not primordiumsize
Åsmallerrelative primordium sizeaccompaniesdenserprimordia 

packing(higherContactParastichies) aroundthe SAM

Burian et al. 2015
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Arabidopsis Linum Picea

R.RutishauserMeicenheimer2006

Primordiapackingand phyllotaxyat variousscales: 

from apicesto elongatedstems



Distichousprimordiaarrangement(peaPisumsativum):

alternating wedge-shapedfuture node and internode domains
differ in ratesof celldivisionsandgrowth

How are nodes& internodesformed duringshootdevelopment?

[ȅƴŘƻƴ αApicalmeristemsΦΦέ



+24h

More complexcaseof spiral primordia arrangement in Arabidopsis 
inflorescence:

primordium boundaries, abaxial of F1 and adaxial of F3, delimit a part of 
two future internodesin elongatedstem(exemplarycells) 



... and in vegetativeshootof Linum

Meicenheimer1992, 2006

STEM UNITSin Linumapexspan7 future

internodesof elongatedstem

Eachunit isdelimitedby: 
Å adaxial primordium boundaries and 

contact parastichieson apex surface
Å stem radii in shoot interior



Stemunits aremaintainedin conifer(e.g. Picea) twigsΧ



Stemunits aremaintainedin Arabidopsis cuc2 cuc3,
whichaffectsthe elongatedstemphyllotaxy



Elongatedshoot phyllotaxyςdivergence measured along 
unidirectional helix



Guedonet al. 2013

Anglesaccompanyingphyllotacticpermutations:



Shootapexversuselongatedshootphyllotaxy in Col-0 and cuc2 cuc3

Burian et al. 2015



At cuc2 cuc3SAM boundaryformation in slightlydelayed

Col-0 cuc2 cuc3



cuc2 cuc3

Higher probability of phyllotaxy
permutations

Meristematic effects: 
Å increasedSAM size 

and denserpacking 
of primordia

Å delayed formationof
adaxial primordium 
boundary

Postmeristematiceffects: 
Å unrestricted growth and 

divisions of node cells
Å pedicel/stem fusion and 

maintenanceof STEM UNITs

ArabidopsisSAM:

minute aberrations in 
timing and spacingof 
primordia initiation
Ҧ permutations



but in others, like
Anagallis:

ҥ regularnodes
OR 

pseudo-nodesҦ

formeddespite
αimprecisionǎέin 
ҥ ǘƛƳƛƴƎ OR 
timing and 
spacingҦ
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